The gel polymer electrolytes (GPEs) composed of polymethylmethacrylate (PMMA) with sodium trifluoromethanesulfonate (NaCF 3 SO 3 ) salt dissolved in a binary mixture of ethylene carbonate (EC) and propylene carbonate (PC) organic solvents have been prepared by solution casting technique. The samples are prepared by varying the salt concentrations from 5 wt.% to 30 wt.%. Impedance spectroscopy measurement has been carried out to determine the ionic conductivity of the GPE samples. The sample containing 20 wt.% of NaCF 3 SO 3 salt exhibits the highest room temperature ionic conductivity of 3.10 x 10 -3 S cm -1 . The conductivity of the GPEs has been found to depend on the salt concentration added to the sample though at higher salt concentration reveals decreasing in ionic conductivity due to ions association. The temperature dependence of conductivity from 303 K to 373 K is found to obey the Arrhenius rule. The ionic transference number, ti of GPEs has been estimated by DC polarization method and the value is found to be 0.95, 0.99, and 0.97 for the sample containing 5 wt.%, 20 wt.% and 30 wt.% respectively. This result is consistent with the conductivity studies.
Introduction
Great efforts have been devoted towards the research and development of polymer electrolytes for application in rechargeable batteries [1, 2] . Gel polymer electrolytes (GPEs) are considered as a viable alternative to the liquid electrolytes for battery applications due to their favorable properties such as high energy density, wide electrochemical stability windows, safety, and flexibility. [3] . Generally, GPEs are formed by immobilization of salt dissolved in organic solvents with the addition of a suitable polymer host have been found to possess both good ionic conductivity and good mechanical properties.
Although initial work was mainly focused on GPEs containing different lithium salts because of their suitability as electrolytes for solid state batteries [4, 5] , yet recently sodium ion conducting electrolytes are also receiving attention [6, 7] . Sodium ion based batteries also gain considerable importance owing to the similar electrochemical properties and cost effectiveness of sodium metal when compared to lithium counterpart.
Solvents such as ethylene carbonate (EC), propylene carbonate (PC), diethyl carbonate (DEC) and dimethyl carbonate (DMC) have been commonly employed in GPEs [8] to ensure high levels of ion dissociation which results in high ionic conductivity. The solvent is generally retained in gel electrolytes and helps in the conduction process while polymer provides mechanical stability to the electrolytes. The selection of the organic solvents is important in determining the performance of rechargeable batteries.
Several types of polymers have been studied as sodium-ion conducting electrolytes at low temperatures [9, 10, 11] . In order to achieve high ambient-temperature conductivity, a polymer that is amorphous in nature and has a flexible backbone is more preferred. The commonly used amorphous polymers include PAN and PMMA.
In this work, PMMA is used as a polymer host to entrap liquid state electrolyte of sodium trifluoromethanesulfonate (NaCF 3 SO 3 ) dissolved in a binary organic solvent mixture of EC and PC to form GPEs. The conductivity and transference number measurements have been performed to investigate the effect of various salt concentrations on conduction mechanisms of GPEs.
Experimental Methods
Sample Preparation. PMMA, EC, PC and NaCF 3 SO 3 , obtained from Aldrich were used as received. PMMA with molecular weight of 9.96 x 10 5 g/mol was dissolved in the mixture of EC, PC and NaCF 3 SO 3 . The mass ratio of the sample was 2:2:1 for PMMA, EC and PC while the concentrations of NaCF 3 SO 3 were varied by weight percentage in the range of 5 wt.% to 30 wt.%. The mixture was continuously stirred at 60°C until a clear and transparent solution was achieved. The solutions were then cast on to glass petri dishes and followed by heating for additional 12 hours at 60 °C. To prevent contact with air and moisture, the samples were kept in desiccators until characterizations were carried out. Impedance Spectroscopy. Impedance spectroscopy for the samples was conducted by using a computer controlled HIOKI 3532 LCR operating in the frequency range of 50 Hz to 1 MHz. From the Cole-Cole plot obtained, the bulk resistance, R b of each sample was determined and hence the conductivity, σ of the samples was then calculated using,
where t is the sample thickness (cm), A the effective contact area of the electrode and the sample (cm 2 ), and R b is the bulk resistance (Ω). The ionic conductivity-temperature dependence was performed in the temperature range of 303 K to 373 K.
Transference number. The transference number of these samples was measured using direct current (DC) polarization technique as proposed by Watanabe et al [12] . According to this technique, voltage of ~ 0.5 V was applied across the sample that sandwiched between two blocking electrodes and the resulting current monitored as a function of time. The value of ionic transference number, t i can be estimated from the normalized current versus time plot using the equation;
where i e and i T are the electronic and total current respectively.
Field Emission Scanning Electron Microscopy (FESEM).
In this work, FESEM is used to study the surface morphology of the GPE films. The surface morphology of the film was observed using a FEI Quanta 200 scanning electron microscope. Fig. 1 shows the plot of conductivity versus content of NaCF 3 SO 3 salt in the GPEs system. It is observed that conductivity has increased when the salt concentration is increased. The highest conductivity at room temperature obtained was 3.10 x 10 -3 S cm -1 from the sample containing 20 wt.% of NaCF 3 SO 3 salt. The addition of the mixture of EC and PC also helps to assist in the dissociation of the salt thereby increasing the number of charged carriers [13] . The conductivity decreased when the amount of salt added was higher than 20 wt.%. This is most likely due to aggregation of the ions, leading to formation of ion cluster which reduces the number of mobile charge carriers [14, 15] . Fig. 1 : The variation of conductivity with NaCF 3 SO 3 salt in the GPEs films.
Results and Discussion
DC polarization method was used to determine the transference number for the gel polymer electrolyte samples. In this method, a voltage of ~ 0.5 V was applied across the polymer electrolyte samples containing 5wt.%, 20wt.% and 30wt.% of NaCF 3 SO 3 salt and the current was measured as a function of time until it reached a certain constant value as shown in Fig. 2 . The ionic transference number for 5 wt.%, 20 wt.% and 30 wt.% of NaCF 3 SO 3 salt is 0.95, 0.99 and 0.97, respectively has been calculated using Eq. 2. This implies that the charge carrier in these gel polymer electrolyte films is predominantly ions and contribution from electron is negligible.
The increase in the conductivity value of the sample is due to the increase in the number of charge carriers as the highest conducting sample has the highest ionic transference number, t i = 0.99. The high transference number may be associated with the effect of ion-ion and polymer-ion interactions on the microscopic parameter [16] . To understand the mechanism of ionic conduction, investigation on conductivity -temperature dependence of the samples containing 5wt.%, 20wt.% and 30wt.% of NaCF 3 SO 3 salt was done. The measurement was carried out in the temperature range from 303 K to 373 K. The linear plot of log σ
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Advanced Materials Engineering and Technology II versus 1000 / Temperature as shown in Fig. 3 is obtained as predicted by the Arrhenius relation rule which can be expressed by the equation:
where σ o is the conductivity pre-exponential factor, E a is the activation energy, k is the Boltzmann constant and T is the absolute temperature [17] . The increase in conductivity with temperature can be linked to the decreased of viscosity and hence increased chain flexibility. As temperature increases, the polymer chain needs faster internal modes in which produce segmental motion to favor ion hopping and thus increase the conductivity of polymer electrolytes. The activation energy, E a , which is a combination of energy of defect formation and the energy of defect migration can be calculated from the plot. The E a value obtained in this work is within the range between 0.18 and 0.23 eV. It is found that the values obtained in this work are within the range reported by other previous studies [18, 19] .The low activation energy for ion transport is due to the completely amorphous nature of the polymer electrolyte leading to a larger free volume in the polymer electrolyte system upon increasing of temperature [20] . It is has been suggested that morphological effects are responsible for the conductivity enhancement [21] . An almost flat surface as mentioned by other previous researchers [19] is observed in PMMA-EC-PC film as depicted in Fig. 4a . The surface of this film is clear and smooth. This indicates complete dissolution and the complexation between PMMA and the solvent plasticizers EC and PC has occurred. Fig. 4b illustrates the FESEM micrograph for PMMA-EC-PC with 5 wt.% NaCF 3 SO 3 salt content. On the contrary to the previous figure, the white particles of salt have been observed. The increase of these white particles is observed in the highest conducting film containing 20wt% NaCF 3 SO 3 salt as shown in Fig. 4c . The salts are well distributed thus enhance the conductivity of the sample. The surface morphology of the film appeared to be smoother and homogenous shows that complexation between the polymer, solvent and salt have occurred. This strongly reveals the amorphous nature of the film. The amorphous nature of polymer electrolytes accelerates the segmental mobility in the electrolytes by weakening the interaction between polymer chain and Na cations led to increase in ionic conductivity. Fig. 4d depicts the FESEM micrograph for PMMA-EC-PC containing 30 wt.% NaCF 3 SO 3 salt. This film shows agglomeration of salt in the PMMA based polymer electrolyte. From this image, it can be seen that the amorphous phase in this film is decreased due to the saturation of NaCF 3 SO 3 salt concentration. As a result, the conductivity of this film is decreased. 
Conclusions
This study has demonstrated that the addition of an optimum content of NaCF 3 SO 3 salt mixed with EC and PC organic solvents in PMMA based gel polymer electrolyte produced highly conductive GPEs. The room temperature highest conductivity obtained from the sample containing 20 wt % of NaCF 3 SO 3 salt is 3.10 x 10 -3 S cm -1 . Increasing the concentration of salt will result in increasing in the number charge carriers, thus the ionic conductivity. The conductivity-temperature dependence for the samples obeys the Arrhenius rule. The ionic transference number has been found to be in the range of 0.95 to 0.99 which indicates the prime charge carrier in this system is predominantly ions. FESEM study confirms the amorphous nature of the gel polymer electrolyte films.
